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/  Following  is  the  translation  of  an  article  by  X.  1.  . 
Tcrskikh,  a,  £.  Gusman,  and  A.  I.  Danilov,  Institute- 
of  tflrolcgy  imani  u.  1,  ivanovskogo,  AhN  UGIR,  and  tho 
institute  of  human  AorpLology  id.il  u'oJA,  iloscow,  pub¬ 
lished  in  tho  Russian-language  periodical  Voprooy  Vlrue- 
oIckII  (Problems  of  /irologyj,  No  2,  1S6C,  pages  I&2- 
iS9.  It  was  submitted  oh  b  Dec  1955  •J 


I 


Up  till  the  present  time ;  methods  of  vaccination  against  orni¬ 
thosis  have  not  boon  worked  out  conclusively.  It  *hao  been  shown  by 
or-perimental  investigations,  conducted  with  vaccines  from  yolk  sacs, 
allantoic  membrane,  and  allantoic  fluid  which  had  been  inactivated 
by  various  methods  (with  formalin,  phenol,  ultraviolet  rays,  unu 
methylene  blue),  that  in  animals  which  had  oeen  vaccinated  paren-  .  ••• 
torally  a  resistance  was  developed  to  the • intra peritoneal  infection 
with  virus,  but  it  was  almost  completely  lacking  or  was  weakly  ex¬ 
pressed  during  infection  through  the  respiratory  tract  /o,  11,  12,  1^7 

in  the  development  of  a  method  of  vaccination  against  ornithosis 
it  is  necessary  to  tako  into  consideration  tho  peculiarities  of  tuo 
pathogenesis  of  this  infection,  in  which  the  lungs  are  the  site  of 
primary  localization  of  the  causative  agent,  and  the  most  sensitive 
coils  are  the  colls  of  the  respiratory  bronchioles  and  the  alveolar 
epithelium  /4,  7,  10,  1 £J\  Taking  into  consideration  that  with 
ornithosis  the  resistance  of  the  organism  to  infection  is  conditioned 
mainly  by  cellular  local  immunity,  we  decided  -.to  develop  a  method 
for  the  administration  of  live  ^vaccine  (against  ornithosis}  in  the 
form  of  an  aerosol,  a  necessary  condition  here  was  tho  creation  of 
a  finely-divided  (1-3  microns)  phase  of  aerosols,  since  it  is  easier 
for  aerosols  of  such  dimension  :to  reach  the  respiratory  bronchioles 
•and  alveoli  /u7. 

During  the  aerosol  method  of  immunization  the  vaccines  should 
r.y.*t  certain  requirements.  Previously  we  published  data  on  the 
^reparation  and  checking  ox'  a  tissue  vaccine  against  ornithosis  and 
K'jh  conditions  necessary  for  carrying  out  the  immunisation  with 
finely-dispersed  aerosols  /3-S7* 

in  "fhc  preewnt-  report  we— are  presenting  the  results  of  a  study 
of  the  in2;iuno -morphological  reaction  ir.  tho  organs  of  tho  retioulo- 
:nicthelial  system  of  monkeys  which  reflect  the  development  of  immun¬ 
ity  following  immunization  with;  aerosols  of  tissue  vaccine  against 
ornituosis,  Dimultanoously  a  determination  was  made  of  the  virus - 
neutralizing  antibodies  in  the  organs  and  tissues.  The  results 
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OBtiiftoa  inako  it^possiblo  to  evaluate  the  .immunological  effectivoneao 
^'t  ho*  tissue  vaccine,  and  the  method  of  vacoination  with  finely-dis- 
pbrsedfaerosols  of  liquid  vaccine #v 

v  j  V,*Nv 

Materials  andIMothods 

I 

), 

Monkeys  (rhesus)  wars  imminizcd  with  tissue  killed  vaccine 
against  ornithosis  which  was  prepared  by  a  method  which  was  described 
earlier  £St,  &/,  For  obtaining  a  finely-dispersed  aerosol  a  volume 
of  4.5-5  ml  of  liquid  vaccine  was  sprayed  for  20  mir.utoc  with  the 
help  of  a  metallic  (jot)  sprayer  (design  of  a.  !•  uromyke  and  V* 
Kashin)  in. an  IV’Sg  ohawber  /o/.j  The  arithmetical  mean  radius  (r^) 

of  particles  was  equal  to  0.&  microns  (with  a  spread  from  0.8  down 
to  1.2  microns  with,  a  predominance  of  the  finer  fractions).  The 
concentration  of  aerosol  particles  in  1  ml  of  air  at  tho  moment  of 
conclusion  of  spraying  roached  1.0  x  10*%  and  by  the  time  of  con¬ 
clusion  of  vaccination  of  the  animals  -Ox  104.  Tho  monkeys ,  2-2g 
ycars  of  agC  and  weighing  2.3-2;.5  kg, wero  found  in  the  chamber  and  • 
inhaled  .  the  aerosol  of  vaccine!  for  an  hour.  Immunisation  was  por- 
formod  3  tlmos  with  an  interval!  of  a  day  for  the  simultaneous  clearing 
up  of  tho  reaotogeniclty  of  thoivaooino.  Preliminarily  we  established 
tho  a be one o  of  a  tomporaturo  refection  and  X-ray  changes  in  the  lungs 
of  tho  immunized  monkeys  /37.  i  * 

•  i 

•  i 

The  dose  of  inhaled  vaccipe  was  dotormined  by  the  formula:  .• 

Dsq  •  V  •  T  •  t> 

where  C  -  concentration  of  vaccine  (ir.  g/ml)  in  the  aerosol  chamber; 

V  -  rospiratory  capacity  (in  ml/rain  for  1  g  of  weight)  of  tho  monkey; 

2  -  7/cight  of  animal  (in  g) ;  t  >  time  of  contact  with  aerosol  (in  min). 
Tho  concentration  of  vaccine  (C)  we  calculated  by  multiplying  the 
number  of  aerosol  particlos  in  1  ml  of  air  by  the  weight  of  ono 
aerosol  oarticlo,  the  mean  radius  (r5o)  of  which  comprised  1.4  microns 
(1.1  •  10”11  g).  Y.re  assumed  that  the  density  of  an  aerosol  particle 
equals  a  unit,  V  s  0.29,.  P  X  2400,  t  as  80,  and  that  the  whole  r.nss  of 
the  absorbed  aerosol  was  retained  3.n  tho  respiratory  organs.  Tho' 
inhalation  dose  of  vaccino  during  ono  sitting  of  immunization  com¬ 
prised  5.5  •10  -  g,  and  during  triple  -  1.6  •  Id**1  g. 

In  1,  4,  7,  14,  and  21  days  and  '2-2-J  months  after  completion 
of  immunization  the  animals  woiic  exsanguinated,  cut  open,  and  organs 
selected  for  the  determination  ’of  virus-neutralizing  antibodies 
(lungs,  bifurcate,  axillary,  arid  inguinal  lymph  nodes,  bone  nurrov;, 
sploon) .  Blood  3orum  and  10^'  tissue  3U3pensions  wero  used  in  the 
reaction  of  complement  fixation  and  tho  neutralization  reaction  with 
th«  ornithosis  vlru3  (strain  ilc|  15).  Thoso  wore  set  up  in  the  gen¬ 
erally  accepted  manner;  tho  complement  fixation  reaction  was  set  u* 
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in  tiic  cola,  using  the  scrum.  a&d  supernatant  portion  or  the  suspen¬ 
sion  p.s  the  antibodies;  tho  neutralization  reaction  was  performed 
by  intracerebral  administration  to  whifco  mice  weighing  6-7  g.  The  -  ■ 
results  were  considered  in  21  days;  processing  was  carried,  out  by 
a  modified  method  or  Kerber  /T7. 


histological  investigation  was  performed  on  the  lympli  nodes 
(bifurcate,  axillary,  and  inguinal},  tonsils,  cpleon,  bone  marrow, 
lungs,  liver,  and  heart  of  10  vaccinated  and  6  control  monkeys 
(4  inhaled  oorosols  of  vaccine  Without  viral  antigen,  and  5,  " fresh'1 
monkeys  wore  not  subjected  to  vaccination).  The  material  for 
histological  investigation  vms  'fixed  in  formalin  and  in  acetone  in,- 
the  cold  and  sealed  in  paraffin-eelloidin.  Sections  5-7  microns 
thick  were  stained  for  histological  and  histochemical  investigation 
with  kematoxylin-eosin,  asan  /  jTN.  This  word  has  not  been  identified 
in  available  dictionaries^.  and  toluidinc  blue,  fpr  Kite,  in  the 
brash  reaction,  for  D1U  in  the  r'eulgon  reaction,  and  for  impregnation 
of  argyrophil  fibers  and  metallpcytos  in  tho  Avtsyn  modification.  , 
Also  tho  PAG  roaction  was  sot  u-p  and  the  Ciromor  reaction  for  oxidase 
and  alkaline  phosphatase.  ! 


Results  j 

buring  sotting  up  of  the  reaction  of  neutralisation  of  virus 
with  sera  and  suspensions  of  organs  from  monkeys  which  wore  immunized  ! 
with  aerosols  of  vaccine,  virus j-neutralizing  antibodies  wore  clearly 
revealed  in  the  blfurcato  lymph:  nodes  and  in  bone  ma’rrow  while  they 
were  absent  in  tho  serum  from  tho  1st  day  after  tho  last  vaccination, 
i.  c.,  on  the  6th  day  from  the  boginning  of  vaccination  (Table  1). 
Complement-fixing  antibodies  wore  not  detected  in  tissue  extraots 
fro,.:  the  lungs,  bone  marrow,  lyiliph  nodus,  and  spleen,  and  in  the 
scrum  were  revealed,  in  a  very  low  titer  and  then  not  constantly 
(T.ble  2),.  j  • 

is  known,  virus -neutralizing  antibodies  in  titra table 
amounts  could  not  bo  detected  in  man  and  monkeys  which  had  endured 
•  •rniihosis,  nnd  in  the  latter,  in  particular,  oven  after  tho  paren¬ 
teral  administration  of  live  virus  ^13,  lj£?.  Complement -fixing 
antibodies  may  bo  revealod,  however;  their  presence  in  the  blood 
do  or  not  stipulate  and  does  not  reflect  a  condition  of  nonsusoep- 
tibility  of  the  animal  organism  to  infection. 


inhalation  of  a  finely-dispersed  aerosol  of  vaccine  in  a  com¬ 
paratively  short  time  guarantees  tho  participation  of  tho  entire  , 
reticulo-endotholial  system  in  Immunogenes is.  This  is  testified  to 
by  citta  from  histological  investigations. 


In  24  hours  after  completion  of  tho  vaccination  no  particular 
changes  were  detected  In  the  lymphoid  organa,  with  the  exception  of 
a  urnll  increase  in  tho  centers  of  multiplication  of  follicles  of 
the  lymph  nodos  and  sploen. 
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Vlruy -neutralising  antlbodinn  in  the  sail rj  and  suspensions  of 
organs  or  monkeys,  iiuruinizeb  with  aerosol?  of  vaccine  against 
ornithosis 
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Lomond:  -  not  invosti&atod;  0  absence  or  differences  with  control ; 

+■  reliability  of  difference  significant,  romalning  cases  insignificant, 
hoy:  (a)  So.  of  monkey;  (b)  Period  of  sacrifice  after  immunisation; 

(c)  indices  of  neutralization  (in  Ig);  (d)  serais;  (c)  lun^s;  (f) 
bifurcate  lymph  nodes;  (g)  axillary  and  inguinal  lympu  nodes;  (h) 
bone  narrow;  (i)  spleen;  (j)  dotes;  (k)  "est  group;  (1)  Control 
medium  (without  virus  antigen);  (m)  ” fur ©"  control  C’frosii”  animals). 


On  the  4th  day  the  picture  vms  changed  sharply;  in  all  too  investi¬ 
gated  lymph  nodes  and  tonsils  an  increase  was  revealed  in  tne  centers 
of  multiplication  of  follicles  «*rd  a  large  nuiibor  of  :ai csr.ee  in  them, 
there  was  a  nic-rophagal  reaction  and  many  reticular  and  inenature 
plasma  cells  with  cn  expressed  py-oninophilio  cytoplasm;  in  this 
period  scsture  piastue.  culls  were  re'voaled  in  small  <tuantitios  (fig .  1). 
-ho  i’eulgan  reaction  for  l£Ih  in  'thlc  nuclei  of  lymphoid  colls  was 
sharply  positive,  and  loss  lntonai^vo  in  the  nuclei  of  reticular  colls. 
An  accumulation  pf  ?A3-positive  substances  was  noted  in  the  center  of 
the  follicles  and  in  the  cytoplasm,  of  reticular  cell*.  The  endo¬ 
thelium  of  vessels  and  sinuses  was:  swollen,  it  is  necessary  to  stress 
that  all  these  chongce  were  expressed  with  the  sa:  *,  intensity  in  all 
the  groups  of  lymph  nodes,  but,  considerably  loae  in  tho  spleen* 
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.[  Table  2 

C craplcraont-rixing  ant5.bod.ies  in  ithe  sera  or  monkeys  which,  were 
inaauniaod  with  aeroculs  nf  vaccine  against  ornithosis 
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i‘ iguro  1.  irauunoMor jhologict.l  changes'  in  the  lymph  nodes, 

.  -  .auiikoy  II o  20:  macrophages,  mitoses,  reticular  and  plasma  cells 
in.  v*  rinus  *'.tauo  or  maturity  in  the  center- or  a  follicle  or  the 
m-t-onl  l’n.v.'u  node  on  the"  7th  'day  after  aerosol  immunisation 

.  ctain,*X500};  b  -  monkey  uo  33;:  mitosis,  reticular  and  plasma 
in  the  center  op  a  Polliclo  of  the  bifurcate  lymph  node  on  the 
x>.y  after  aerosol  irmiunizatlon  (brash  stain,  immersion), 

yiy'?--*  ehangos  reached  their  greatest  intensity  by  the  7th  day  after 
vaccination,  -a  large  number  of  mature  plasma  colls  appeared,  in 
this  --scried  nXh  wa 3  reveslsd  both  in  the  cytoplasm  and  the  nuolenl 
of  the  reticular  and  plasma  cells ,  Those  phenomena  took  place  on 
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iBflt^!^rouhd,or  hyperemia  pi'  the'  organa,  LUitalloeyton  wre  c!'-.s>y*u«t-^~ 
i2od  by* ftti  Increased  argyrophil  state.  There  was  3.  decrease  in  the 
a^OfUifet  or  PAS-pocitivo  ruostsnoo  in  the  reticular  cell. a*  Or,  tuo 
9jtKvday  the  dosoribdd  changes  were  also  clearly  e~p* ■■■■''•"art  5r  +0.0 
is’pl'oc’n  •  The  'reaction  i>r  oxidase  revealed  a  considerable  amount  of 
cxlda s e «p or. it i vo  elements  ’in  the  spleen.  .An  expressed  picture  of 
myelosis  in  the  spleen  was  proborvod  up  to  £•«•  aontha  bused  on  the 
torwimtion  of  immunization.  ;  on  the  14th  day  after  vaccination  the 
described  changes  wore  somewhat,  attenuated,  cut  aubeoouon.tly  they 
remained  at  the  sano  level  in  monkeys  which  were  sacrificed  on  the  , 
21st  day  and  ...ftcr  2£  months  (period  oi  observation;  Fig.  ?.) » 


m 


Figure  2.  Immniomorphologioar  changes  in  thesploon. 
a  -  monkey  Ko  21:  increased  argyrophilia  of  mctalloeytcs  in  the 
spleen  on  the  7th  day.  after  immunization  (impregnation  with  silver 
base,  vn  Avtsyn,  X5C0);  b  -  -monkey  Ko  37:  hypertrophied  metal!  co'/tes 
in  the  spleen  on  the  21st  day  after  immunization  (impregnation  with 
silver  based  on  Avtsyn,  X500).: 

!  « 

Changes  in  the  boro  marrow  wore  revealed  sharply  on  the  4th 
day  i  it  or  immunisation:  hyperplasia  oi  cellular  elou*nts  was  noted, 
there  was  a  picture  of  mitosis >  and  there  was  a  large  number  of 
reticular  and  immature  plasma  colls  with  expressed  pyrcninophiliu 
oi  the  cytoplasm  and  a  positive  PAS-resction  (Fig.  3}.  Also  a 
considerable  number  of  nature  plasma  colls  wa9  detected.  The  reaction 
for  I>KA  in  the  nuclei  was  sharply  positive.  Blood  vessels  wore 
expanded  ar.d  filled  with  erythrocytes  and  the  endothelium  was  swollen 
sharply*  uotallocytes  with  thickened  processes  were  ar^yrophilio * 

On  the  7th  day  after  vaccination  the  uosoribed  changes  reached  their 
greatest  level,  weakened  somewhat  on  the  14th  day,  but  remained  ex¬ 
pressed  up  to  2g  months  (period  of  observation)  .* 
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/iuc;  ..:on!:o;r  Ifo  21:  iu.^tare  plasm  cells  in  vlio  center  or  thu 
-/-rlli’-fmchlal  rolliclo  on  the  7  th  uay  r.ptor  iiarioi;is«tlcu. 
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’..Changes  were  not  detected  in  the  lungs  on  the  let  day  after 
VttoOination*  On  the  4th  day  expressed  iiy^erenia  vns  revealed  (in 
one  monkey  hemorrhagos  were  detoot od  in  tho  alveolar  cavity),  tocrc 
was  swelling  of  the  endothelium  of  vessels,  focal  thickening  of 
the  interalveolar  partitions  duo  to  proliferation  of  lyrvhohistio- 
oytio  dements,  and  figures  of  mi tea is  in  the  reticular  colls,  in 
the  lumen  of  the  alveoli  there  ;was  a  small  .number  of  alvuclooyuos 
with  a  weakly  pyroninophilio  protoplasm.  On  the  7th  day  the  immuno¬ 
logical  rea.otion  was  sharply  oppressed:,  diffuse  interstitial  reac¬ 
tion,  sharp  swelling  of  the  endothelium,  of  the  vessels,  profuse 
desquamation  of  the  alveolocytes,  many  of  which  trareforw-u  into 
niaorophagos ;  there  was  an  increase  in  the  number  of  lymphoiu.  fol li¬ 
dos  with  wide  oenters  of  - multiplication •  following  staining  with 
methyl  green  pyreriin  a  largo  number  of  reticular  and  plasm  cells 
of  various  stages  of  maturity  was  determined  in  tilt  peribronchial 
folliolos  and  the  thickened  interalveolar  partitions.  The  reaction 
for  Diift  was  sharply  positive  ini  the  nuclei  cf  .lymphoid  evils*  The 
PAS -reaction  in  the  reticular  and  plasma  cells  was  expressed  less 
intonsively  than  on  the  4th  day  after  vaccination,  curing  staining 
for  oxidase  according  to  Goldman  a  large  number  of  oxidase-positive 
elements  wan  revealed  in  the  peribronchial  follicles.  The  reaction 
for  phosphatase  was  sharply  positive.  There  wore  metallocyiies  v/*th 
o.n  increased  argyrophilic  condition  (Figure  4,A).  Argyrophilic 
stroma  was  not  changed.  On  the  14th  day  after  vaccination  the 
changes  were  Ices  intensive,  and  on  the  21st  day  an  evident  abatement 
was  no tod.  During  silvering  in‘  these  periods  tho  mctallocytoa  wore 
close  to  normal  and  the  argyroj>hilic  stroma  romainod  unchanged. 

in  the  livor  first  and  foremost  was  the  onset  of  phenomena  cf 
edema  and  small  dystrophic  changes  of  hepatic  cells.  On  the  4-7th 
.day  after  vaccination  a  weak  swelling  of  Kupffer  cells  was  noted 
as  well  as  the  appearance  of  plasma  cells  in  small  perivascular 
infiltrates,  UNA  in  the  nuclei  of  hepatic  cells,  and  a  positive 
PAS-reaction. 

Discussion 

• 

Silled  vaccines  against  ornithosis  (proposed  by  n  number  >f 
authors  >  which  were  prepared  from  vitelline  sacs  of  chick  embryos 
•»nu  from  the  lungs  or  spleen  of  White  mice  when  administered  by  tho 
parenteral  route  uid  not  create  ,  a  resistance  in  anim-ls  which  werc- 
infccted  by  the  respiratory  route  or  they  conditioned  a  weakly 
expressed  immunity.  These  failures  may  be  connected  with  the  in¬ 
sufficient  immunogenic ity  of  killed  vaccines,  but  dopended  mainly 
on  tho  method  of  its  application  (parenteral  route)  which  did  not 
ensure  the  development  of  resistance  in  sensitive  cells. 

in  developing  a  method  of  vaccination  against  ornithosis  w« 
consider  it  necessary  to  cause  in  the  animal  tho  dwolopm.cn >  of  a 
local  immunological  roaotion  of  sensitive  tiefluo  (in  tho  ) 
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again r t  a  background  of  a  general  imnur.clo&ioal  response  on  the  part 
o f  organs  or  the  rotlculo-endothelial  system,  which  is  responsible 
Per  imrAinogoncsis.  This  response,  recorded  based  on  morphological  ^ 
t  x'-ar  &  a  on-ration ,  is  compared  with  the  results  of  an  investigation  of 
tiscues  ox*  these  organs  for  the,  presence  of  virus  -neutralising  anti¬ 
bodies.  It  is  necessary  to  note  that  virus-noutralising  antibodies 
sv*ru  revealed  in  a  high,  titer  in  tissues  with  more  intensive  morp-io- 


iuwu  in  an  insignificant  titer* 


xn  monkeys  which  were  vaccinated  with  aerosols  of  liquid  tissue 
vaccine  a  resistance  was  established  to  infection  even  during  contam¬ 
ination  with  aerosols  of  virus,  as  was  reported  curlier  f>  y,  •  Thus, 
the  method  developed  for  the  preparation  of  vaccine  and  the  method 
of  its  application  in  the  form,  of  a  fir.cly-dispersou  aerosol  in  the 


•fhe  question  of  the  harmlossresa  of  immunisation  with  aerosols 
of  liquid  vaccine  can  be  resolved  positively  on  tho  basis  of  clinical- 
lub oratory  and  histological  investigations  of  pulmonary  tissue  from 
monkeys  which  ware  used  in  the  experiments  described#  Tho  results 
of  additional  investigations  for  determination  of  the  hamlossnees 
of  the  vaccine  will  bo  presented  in  the  next  report. 

Conclusions 

1.  Killed  tissue  vaccine  against  ornithosis  during  aerosol 
i;.*-  animation  with  a  f  indy-dispersed  fraction  is  aresctogenic  and 
in  monkeys  creates  an  expressed  immunological  response : 

a)  morphological  changes,  reflecting  the  development  of 
ham-unity,  are  revealed  beginning  with  tho  4th  day  after  vaccination, 
reach  a  maximum  by  the  7th  day,’  and  abate,  though  they  still  remain 
clearly  expressed  up  to  2-£  months  (period  of  observation); 

b)  a  widespread  imsruRomdrphblogical  roaction  is  characteristic 
in  nil  the  organs  of  the  ret icul o -e ndotkolia!  system.  The  same 

f 'tv:::  *ty  of  reactions  is  noted  in  all  the  groups  of  lymph  nodes 
(La fa  regional  and  distal). 

i 

2.  The  exposure  of  mywloois  in  the  spleen  of  vaccinated  mon- 
ko*rs,  particularly  in  later  periods,  testifies  in  favor  of  tire 
proposal  of  myelosis  as  an  index  of  immunogenic  activity  of  an  organ, 

3.  The  presence  of  diffuse  interstitial  reactions  in  the 
luilgS  of  vaccinated  monkeys  without  symptoms  of  pneumonia  testifies 
to  tho  protective  nature  of  this  reaction. 


iJ%i-  4.  Virus-ncutraliains  antibodies  vore  revoalsd  beginning  Tilth 
|the  4th  day  And  in  higher  titora  in  the  tissues  or  those  organa 
where  there  was  a  more  intonsitfoly  expressed  iiiMunGrnrpholutiionl 
^reaction  (bone  r.iarro vr,  lunja,  find  lysaph  nodes). 

!  * 

5.  xrrnuniu&tion  with  liquid  vaccine  with  the  uso  of  a  finely- 
dis ported  aerosol  is  an  effective  method  of  specific  pro.-kyls.nis  of 
ornithosis  as  a  respiratory  infection. 

j  i 
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